nanoscale distribution of biomolecules in cells and tissues 3 . Nanoscopy by STED stands out by instantly providing signal from predetermined nanosized regions in the sample 3 , which makes it suited not only for imaging living cells but also for investigating nanoscale molecular interactions by fluorescence correlation spectroscopy (FCS) 4 .
In a typical STED microscope, an excitation beam is aligned with a doughnut-shaped STED beam (Fig. 1a) to transiently turn fluorophores off 2 by stimulated emission. The fluorophore remains dark if the local intensity of the STED beam exceeds I s = hν/(στ f ), with hν/σ denoting the photon energy divided by the stimulated emission cross-section 3 and τ f , the fluorescent state lifetime. Applying a doughnut crest intensity I m >> I s ensures that emission is possible only in a narrow range ∆r ≈ λ/(2NA(1 + I m /I s ) 1/2 ) around the doughnut center 3 , with λ denoting the wavelength of light and NA, the numerical aperture of the lens. Scanning the beams across the sample discerns adjacent features that are as little as ∆r < λ/(2NA) apart, because the STED beam forces them to emit sequentially.
As τ f ≈ 10 −9 s and σ ≈10 −16 cm 2 , attaining superresolution requires I m = 0.1-1 GW cm −2 , which is conveniently supplied by continuous-wave lasers providing an average power >300 mW 5, 6 . To operate at lower average power, most STED nanoscopes use Whereas using continuouswave lasers instead is much simpler 5 , for a given average power, CW-STED beams yield a much lower I m and hence a poorer resolution. Moreover, unlike in the pulsed mode in which excitation and STED can occur sequentially, in the continuous-wave mode, STED is compromised by ongoing excitation and hence a less pronounced fluorescence on-off contrast at the doughnut slope. The poorer contrast entails lower spatial frequencies in the image, masking the high spatial frequencies yielding the superresolution. It is manifested as a pedestal in the effective point spread function (E-PSF) of the microscope 8 , compromising the separation of object details. Here we solve this problem of CW-STED nanoscopy by implementing pulsed-laser excitation and continuous-wave laser STED in conjunction with timegated detection. Time-gated detection has been used in fluorescence microscopy for suppressing background. Since the early days of STED nanoscopy it has been known that in pulsed STED schemes, photons should be detected after the STED pulse has left 9, 10 ; this has been shown in a recent experiment using time-correlated single-photon counting 11 . Here we exploit photon arrival times to improve the spatial resolution provided by CW-STED beams so that, in conjunction with time filtering, finer details are gained with lower intensities.
In our scheme, the overlap between the excitation and the STED beam is restricted to the duration of the excitation pulse (<150 ps). Right afterward, only the CW-STED beam is acting and the off-switching of the fluorophore is still taking place. The longer the STED beam lasts, the more likely it becomes that a fluorophore has been turned off 12 . In this non-equilibrium case, the resolution ∆r not only depends on I m but also on the time span of the STED beam action 12 . Another formulation is that STED reduces the lifetime of the fluorescent state from τ f = 1/k fl to τ = 1/(k fl + σI) (Fig. 1b and Supplementary Fig. 1 ). Therefore, collecting photons after detection delay T g > τ after excitation enhances the fluorescence on-off contrast that is critical to attaining subdiffraction resolution and ensures that fluorescence light is recorded mainly from fluorophores from the doughnut center, where the STED beam is inherently weak (Fig. 1c-e) .
Our gated-STED (g-STED) nanoscopy can be realized by offline processing of time-correlated single-photon counting recordings or in real time using a fast electronic gate (Supplementary Note 1) . The improvement of g-STED over standard CW-STED is evidenced by the E-PSF measured with fluorescent nitrogen vacancy (NV) color centers in diamond. As τ scales inversely with the STED intensity, time-gated detection acts like a spatial filter reducing the E-PSF amplitude at the periphery and hence the E-PSF pedestal. Thus, low spatial frequency contributions from the periphery, which are large for standard CW-STED microscopy 8 , are suppressed (Fig. 1d-f and Supplementary Fig. 2 ). As the contrast between adjacent features is increased, the capability to discern features is improved (Fig. 2a and Supplementary Fig. 3 ). Features that are 50 nm apart can be clearly separated with a CW-STED beam of only 77 mW average power. More than twice the power is required to achieve the same separation without time-gating ( Supplementary Fig. 4 ); yet the resulting image is more blurred.
Removing the pedestal inherently also reduces the full-width half-maximum (FWHM) (Supplementary Fig. 4) . With time gating, low spatial frequencies along with their noise are discarded, which improves the resolving power without notably expanding the core bandwidth of image frequencies per se. Time gating also rejects 'desired' photons, namely those that are emitted in T g from the doughnut center (Supplementary Fig. 4) . Therefore, the increase in separation capability has to be pondered against the reduction in signal. A longer acquisition time can compensate for the concomitant decrease in signal-to-background (or signal-to-noise) ratio provided that the background noise is lower than the shot noise of the desired signal. However, both theory (Supplementary Note 1) and experiments show that the E-PSF is substantially sharpened with rather short T g (for example, 5 ns in Supplementary Fig. 2 ) causing a signal reduction <50%.
To test the improvement induced by the alteration reported here, we compared CW-STED and g-STED images of a living PtK2 cell with keratin filaments tagged with the yellow fluorescent protein Citrine (Fig. 2b and Supplementary Fig. 5) . We also imaged a fixed PtK2 cell whose vimentin filaments were immunolabeled with Alexa Fluor 488 ( Fig. 2c and Supplementary Fig. 6 ). The g-STED images are clearly superior in contrast and detail. The lower CW-STED power required to obtain subdiffraction images of the same clarity (200 mW of 592 nm light compared to > 600 mW in previous recordings of similar samples 5, 6 ) highlights the potential of g-STED nanoscopy for live-cell imaging. We recorded similar images with several other fluorescence markers (Supplementary Fig. 6 ).
In combination with FCS, STED is very powerful for studying the molecular dynamics on the plasma membrane of living cells 4, 13 . However, CW-STED-FCS has been precluded so far by the pedestal of the E-PSF defining the probing area 8, 13 . Time gating resolves this limitation: g-STED-FCS data recordings of molecular threeand two-dimensional free diffusion ( Supplementary Fig. 7 and Fig. 3a) show that the time the molecules require to cross the probing volume decreased both with increasing STED intensity (I m ) and detection delay (T g ). We obtained ∆r < 100 nm and < 50 nm (that is, a sixfold and >25-fold smaller area of detection compared to the confocal one) at a CW-STED power of 60 mW and 350 mW, respectively, entailing I m = 19 MW cm −2 and 109 MW cm −2 . Removal of the pedestal is reflected by the increase of the anomaly coefficient α with T g 4,13 . For free diffusion, α ≈ 1 for Gaussian E-PSFs, but without the pedestal removed it is <1 (Fig. 3b) . g-STED-FCS allowed us to use CW-STED beams to reveal the difference between the confined diffusion of sphingolipids 4 and the largely free diffusion of phosphoglycerolipids in the plasma membrane of living cells (Fig. 3c and Supplementary Fig. 8) . Detection of this difference is virtually impossible with ∆r > 100 nm, confirming our previous STED-FCS measurements using pulsed beams 4, 13 .
As g-STED differs from reported pulsed or continuous-wave schemes by the fact that the beam-induced on-off transition is not quickly establishing equilibrium, ∆r follows an equation (Supplementary Note 1) that has been derived for the STED concept and its generalization called reversible saturable optical fluorescence transitions (RESOLFT) with non-equilibrium transitions between the on state and the off state 12 . Clearly, ∆r decreases with the duration of the STED illumination before detection, which here is T g . g-STED is applicable to virtually all fluorophores, including the fluorescent proteins, because the absolute values of τ fl and T g are not critical but their ratio is. The improvement is attained without increasing the intensity I m ; in fact, gating facilitates reducing I m in practical imaging. For attaining the same separation, we applied I m = 100 MW cm −2 , which is ~10 times lower than in typical pulsed systems. One also has to bear in mind that continuous-wave beams are less prone to inducing multiphoton processes known to stress the sample. In fact, of all STED modalities reported so far, g-STED provides the sharpest images with the lowest peak power. Moreover, as suitable continuous-wave (fiber) lasers are available at any visible wavelength, g-STED is destined for broad implementation. 
